Résumé. 2014 Deux tétrafluoroborates de 2,4,6-triaryl pyrylium substitués par 6 courtes chaînes alcoxy (éthyloxy: C2, propyloxy : C3) ont été synthétisés. Les 
Mesomorphic properties of short chains substituted heteroaromatic salts M. Veber (1, 2) , P. Sotta (1) , P. Davidson (1), A. M. Levelut (1), C. Jallabert (2) and H. Strzelecka (2) (1) Laboratoire de Physique des Solides (*), Bât Abstract. 2014 The synthesis of triaryl-2,4,6 pyrylium tetrafluoroborates substituted by six short (ethyloxy : C2, propyloxy : C3) alcoxy chains has been performed. Classical characterization methods (DSC and optical microscopy) show that these two new compounds present the same columnar phase Dh as that displayed by the other members of the homologous series (C4 to C12). However, these two new compounds are subject to chemical decomposition when heated for a few hours in the mesophase domain of stability but close to Tc. The existence of such a mesophase implies that neighbouring columns be discorrelated. Disordered alcoxy chains are usually assumed to play this role which is however questionable in the case of chains as short as n = 2 or 3. In this case, the BF-4 anions should play a role in the mesophase formation. In order to obtain information about the behaviour of these anions, we have first performed a comprehensive J. Phys. France 51 (1990) [6] [7] [8] .
_ This series of compounds was likely to display a columnar mesophase in the case of short chain substituents because of the role of the anions. Indeed, the anions may participate in the loss of correlation of neighbouring columns. Therefore, in this context, we have synthesized the compounds 1 with n = 2 and 3 : C2 and C3. (We had already synthesized compound 1 with n = 1, CI. It only displays a crystalline phase [8] ).
In the following, we show by the usual characterization methods that these two new compounds present the same Dh mesophase as that displayed by the other members of the series. Then, we present a comprehensive X-ray diffraction study of all members of the homologous series and propose a simple model for the molecular organization in the mesophase. Finally, in order to try to understand the role of the anions in the mesophase formation and stability, we shall also present 19F NMR experiments on compounds C4, C5, C8 and C12 in the mesophase.
Tetrafluoroborates 1 were obtained by using a procedure already described [6; 8] . The purity of the new salts (C2 and C3) has been checked by IR, 'H NMR and UV-vis spectroscopies. 1 . Characterization. [6] .
The fixed film-fixed sample set-up uses a point focusing X-ray beam (À CuKa = 1.541 Á) issued from a doubly bent pyrolitic graphite monochromator. The camera is evacuated in order to supress air scattering. The sample is held in an oven heated by an oil bath (temperature regulated to ± 1 ° C) [6] . Aligned samples were obtained by spreading a small amount of product onto thin mica single crystal sheets with a spatula [6] . . It corresponds to the interferences from the disordered parts of thé molécule [6] : the small aliphatic chains and the BF4 anions. Still at wide angles, an extra reflection (c) can be seen around s = 1/3.5 Â-1. Though rather sharp, it is not resolution limited and classically corresponds to the stacking of the molecules inside the columns [6] . S,uch 4 powder pattern exhibiting only 2D long range positional correlations of the molecules is characteristic of a mesophase [9] . Thus it confirms the microscopic observations and the DSC investigations. In the case of compound C2, our powder set-up was not well adapted to the conditions of occurrence of the mesophase (too high temperature and too small temperature domain of stability). Anyway, figure 5 is an X-ray diffraction pattern of unoriented compound C2 in its mesomorphic state (at a temperature T = 205 ° C) recorded with the fixed film-fixed sample Figures 6a, b show the X-ray diffraction patterns of aligned samples of compounds C2 and C3. Figure 6c is a scheme of these patterns. (The meridian is the spreading direction S.) In the case of compound C2, the pattern is that of the mesophase quickly frozen in at room temperature just after spreading. In the case of compound C3, the pattern has been recorded on cooling, at 150 ° C. From the location of the small angle reflections (a) along the equator, we deduce that the 2D hexagonal lattice is perpendicular to the spreading direction. From the location of the outer reflection (c) along the meridian, we deduce that the columns are oriented along the spreading direction. The wide angle diffuse ring (b) can hardly be seen on these patterns but it seems to be slightly oriented (it is also superimposed on some thermal scattering due to the mica sheet). Since its intensity follows the form factor of the disordered parts of the molecule (anions and alcoxy chains), then these parts are slightly oriented by the spreading process. Therefore, the mesophase displayed by compounds C2 and C3 can be unambiguously identified as a columnar mesophase of the type Dh. (Space group : P6/m m m, one of the 80 planar space groups [10] .) This mesophase type is the same as that displayed by the other members of the series [8] . The coherence length of the columnar stacking derived from the width of the wide angle reflection (c) is about 400 À for both compounds C2 and C3.
Since compounds C2 and C3 both display the same mesophase Dh as the other members of the series, it is interesting to compare (Tab. II) the geometrical parameters of the Dh phase (20) reflection is close to the first minimum of the function. For compound C8, the (11) reflection is very weak and the (20) reflection cannot be seen because they are located close to the first minimum of the function. However, the (21) reflection can indeed be detected. For compound C5, the (11) reflection still falls in the first minimum of the function so that it is weaker than the (20) one. As observed experimentally, the reflection intensities of compounds C4 and C3 decrease regularly showing no intensity inversion. The (30) reflection of compound C3 is located on top of the third maximum of the function and therefore it can be detected. Finally, for compound C2, the (10) reflection is not so strong compared to the others because it falls close to the first minimum of the function and both reflections (20) and (21) (Fig. 9 ). This motional narrowing is not associated with a K --&#x3E; M transition :
indeed, for compounds C5 and C8, it takes place within the mesophase stability domain, whereas for compound C4, it becomes complete within the crystalline phase, even before attaining the mesophase. The reduction factor (1 1/2 decade) is a measure of the motional averaging achieved. Remarkably, this behaviour is roughly the same for compounds C4 to C8, i.e. for different chain lengths (Fig. 9) . However, for compound C12, the resonance line in the same temperature range (50 T 150 ° C) is much narrower, indicating a more efficient motional averaging. In this latter compound, it is also worth noting that the line shape is significantly altered between 35 ° C and 55 ° C (Fig. 10 ). This coincides with a transition (possibly a K ---&#x3E; M transition) already mentioned [6] . The Then, the different types of motion which may be distinguished are the following : a) first, the BFi anion may be affixed to the heteroaromatic core. From steric and electrostatic considerations, a likely fixation site should be close to the oxygene atom in the pyrylium ring (see the molecule formula in the Introduction). In that case, the only motion undergone by the anion is the eventual rotation of the ionic pair around the local director n, which is the axis of the column. Additional averaging might also come from fluctuations of the molecular axis around the axis of the columns. Note also that another important possibility with axial symmetry may be a « ball-bearing motion » of the anions relative to the cations ; b) then, the BF4 anion, yet trapped in a fixation site, may undergo fast reorientations, due to its quasi spherical shape. Compared to the situation described above, the effect would be to average the intramolecular interactions, but not the intermolecular ones.
These orientational motions may be distinguished according to their symmetry, which is either axial (in case a), or spherical (in case b) ; c) last, the BF4 may undergo translational diffusion, by various processes : site-to-site jump, fast dynamic exchange between different solvation sites (near the core vs. inside the aliphatic region).
The Van Vleck formula can be used to give an estimate of the static line width (or equivalently, the second moment Mi) [18] . Assuming that the line width is dominated by nearest-neighbour interactions, this formula reduces to :
where :
The subscript a denôtes the 3 different nuclei coupled with 19F (19F : spin Il = 1/2, A l -3 ; 11B : spin 12 = 3/2, A 2 = 4/3) [19] ; y a is the corresponding gyromagnetic ratio. The summation over k extends to all internuclear vectors for each species coupled with 19F.
In the intramolecular term MJ2}, the internuclear distance Rk has been estimated by use of covalent atomic radii : R2 = rF + rB = 1.52 Â ; in M2(1), use has been made of the tetrahedral structure of the BF4 anion (see Fig. lia ) which leads to RI = 2.48 Á [ 13] . The vector between the interacting nuclei makes an angle B k with the magnetic field. The contribution M2 (3) where M20 is the static second moment estimated above, and the summation between brackets (replaced by integration over all directions) amounts to 0.385. The molecular order parameter S will be taken equal to 0.9, which is consistent with X-ray diffraction patterns and results in similar systems [21] . So the effect is a decrease of the line width by a factor of about 0.35. The resulting half-height line width therefore lies between 11 and 13 kHz, which is in fair agreement with the observed one (at low temperature). Thus, the observed line width (at low temperature) may be accounted for by a rotation around the columnar axis. This averaging effect may be simply viewed as due to motion of the anions inside a potential with cylindrical symmetry. In the mesomorphic compounds C5 and Cg, this behaviour is consistent with the assumption that the BFi anions are affixed to the heteroaromatic cations, whereas in the C4 (crystalline) it is necessary to suppose reorientational motions of the anions relative to the cations (« ball-bearing motions », possibly including also site-to-site diffusion).
Spherical reorientation of the BF4 anions. -The observed narrowing (Fig. 9) remains to be discussed. The onset of fast (spherical) rotation of the BF4 may be responsible for it. The net effect would be to average intramolecular interactions (F-F and F-B couplings), as soon as the rotation becomes fast enough (faster than the inverse line width, i.e. than 10-4 s). In that case, the residual intermolecular interaction may be approximated by the first term of a twocenter expansion of the spherical harmonics P 2(cos 8 k ) [26] . In this approximation, as a result of fast BFî rotation, the 4 19F nuclei behave as though they were located at the center of the anion. The average H-F distance is thus R = 4 Á. This would lead to a residual line width of about 1.75 to 1.85 kHz (in the absence of fast rotation of the molecules around n), or 0.54 to 0.57 kHz (in the more realistic case of fast rotation). This later estimation is consistent with the observed line width of 0.4 to 0.5 kHz at high temperature.
Note that it is yet assumed that some interionic interactions are not averaged. A further average of theses interactions would lead to an additional narrowing of the resonance line, which does not seem to be observed in the temperature range investigated. Such an average would result from diffusion of the BF4 anions, or from exchange between two solvation sites (one intercalated inside the columns, one in the more disordered aliphatic region) [27] [28] [29] .
However, a precise assignment of the observed motions would need additional experiments. Specifically, 2H NMR experiments (which imply specific deuteriation) and/or diffusion coefficient measurements should help to discriminate translational and rotational motions. -Scheme of the relative disposition of the BF4 anion and the cationic core. Only one conformer has been represented. The first circle of radius 7 A shows the size of the core measured on Dreiding stereomodels. The second one of radius 7.75 A represents the limit of the region of larger electron density. The anion is on average located between these two circles but is still free to undergo spatial and orientational fluctuations (see text). (The scheme is not made to scale.)
In that respect, some information may be drawn from the X-ray analysis : the radius of the dense part of the column as derived from the fit of the experimental intensities of the 2D lattice reflections is R = 7.75 Â which is larger than the 7 Â measured on molecular models or obtained thanks to the curve Vc = f (n ) (Fig. 7) . This apparent discrepancy (for all compounds C2 to C12) reveals that the BF4 anions are located close to the aromatic cores and that the first O-CH2 links are still « crystallized » i.e. : the CH2 groups are rather well spatially localized. This region of larger electron density is represented in figure 12 . Its limit is a circle of radius 7.75 Â which contains the aromatic core and the first CH2 groups. Indeed, compound Ci is not mesomorphic. In the case of the other compounds C2-C,2, at a distance R = 7.75 Â, starts a disordered region of lower electronic density which may be some 8 Â wide in the case of C12 but only 1.25 Â wide in the case of C2. Thus, the liquid or « molten » region starts from the second methylene group of the alcoxy chains (Fig. 12) .
At this point, we may recall the sharp decrease in the K-Dh transition temperature from 167 ° C for compound C3 to room temperature for compound C5. It 
